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REMARKS/ARGUMENTS 

L Status of the Claims 

After entry of this amendment, claims 1-4, 6, 8, 10-17, 19-21, 31-36, 38, 40, 42- 
49, 51-55, 65-68, 70-77, 79-86 and 87-106 are pending. Claims 22-30 are withdrawn. 

//. The Invention 

It is the discovery of the present inventors that fucosyltransferases can be used in 
vitro to modify glycosylation patterns of glycopeptides. Accordingly the examined claims are 
drawn to in vitro methods for modifying glycosylation patterns of glycopeptides, including 
recombinantly produced glycopeptides using fucosyltransferases, especially fucosyltransferases 
that lack their membrane anchoring domain. 

///. Arguments for the Patentability of the Pending Claims 

The following arguments address issues and/or references cited by the Examiner 
in previous Office Actions. Applicants respectfully request that the Examiner considers these 
arguments before the issuance of the next Action in this case. A discussion of the merits of these 
arguments in the next Action is also respectfully requested. 

a) The Examiner has not adequately addressed Applicants 9 'Teaching Away 9 
arguments 

The MPEP discloses the Examiner's burden upon presentation of 'teaching away 5 

arguments: 
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The test for obviousness is what the combined teachings of the 
references would have suggested to one of ordinary skill in the art, 
and all teachings in the prior art must be considered to the extent 
that they are in analogous arts. Where the teachings of two or 
more prior art references conflict, the examiner must weigh the 
power of each reference to suggest solutions to one of ordinary 
skill in the art considering the degree to which one reference 
might accurately discredit another. In re Young, 927 F.2d 588, 18 
USPQ2d 1089 (Fed. Cir. 1989) 

MPEP § 2 1 43 .0 1 (emphasis added) 

"Proceeding contrary to the accepted wisdom... is 'strong evidence of unobviousness. Ruiz v. 
Foundation Anchoring Systems, Inc., 234 F.3d 654, 667 (Fed.Cir. 2000) (citations omitted). 
When the teachings of the references conflict, the merits of each reference must be weighed in 
order to decide which would be most persuasive to one of skill in the art. 

During the course of prosecution, Applicants have demonstrated that two cited 
references c teach away' from the Applicants invention. These cited references are Costa and 
Natsuka. Applicants demonstrated that both references teach that removing a transmembrane 
domain from a eukaryotic fucosyltransferase destroys its ability to fiicosylate a glycopeptide, 
thus preventing it from producing a substantially uniform fucosylation pattern on the 
glycopeptide. Applicants additionally demonstrated that Costa was more relevant to Applicants' 
invention than the prior art. The text of both of Applicants' teaching away arguments is attached 
as Exhibit 1. 

The Examiner's comments in the Office Action dated March 14, 2005 are non- 
responsive to Applicants' "teaching away" arguments regarding the references. In this Office 
Action, the Examiner did not address or refute Applicants' arguments drawn to the two 
references. Rather, the Examiner repeated a statement from a previous Office Action. 

However, as stated here and in previous Office actions, and 
reiterated here it is also well known that transferases which are 
normally membrane bound and have solubility problems and 
therefore are not suitable for process involving immobilization etc. 
It is also well known in the art that such problems can be solved by 
removing membrane spanning domains which render the enzyme 
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soluble and thereby increases the efficiency of the enzymatic 
reaction. 

Office Action dated March 14, 2005, page 6 

Applicants respectfully submit that the Examiner's assertions run counter to the disclosures of 
Costa et al., and Natsuka et al., both of which disclose that fucosyltransferases lacking the 
membrane anchoring domain are unable to fucosylate a glycopeptide, thus preventing it from 
producing a substantially uniform fucosylation pattern on the glycopeptide. There is currently no 
art of record that teaches the conditions necessary to produce a glycopeptide with a substantially 
uniform fucosylation pattern. One skilled in the art knowing the disclosure by Costa et al., and 
Natsuka et al., would have had serious doubts as to whether members of the fucosyltransferase 
family can be used for producing a substantially uniform fucosylation pattern without their 
membrane anchoring domain. Even if one skilled in the art would have considered deleting the 
membrane anchoring domain of a fucosyltransferase, other than FucT-III or FucT-VII, he or she 
would not have had any reasonable expectation of success of producing a substantially uniform 
fucosylation pattern in light of the fact that both FucT-III and FucT-VII, according to the prior 
art disclosure, cannot be used for fucosylation without the membrane anchoring domain. 

In order to rebut the Applicants' specific examples, the Examiner should 
specifically discuss the teachings of Costa and Natsuka in light of the specific cited references. 
In the absence of such evidence, Applicants' 'teaching away' arguments remain unchallenged. 

b) The Methods of the '320 Application and Thomas are substantially the same. 
In the Response to the Office Action dated July 9, 2004, Applicants presented a 
Declaration from Dr. David Zopf, the Executive Vice-President and Chief Scientific Officer of 
the assignee of U.S. Pat. App. No. 09/855,320 ("the '320 Application"). In paragraph 2 of this 
Declaration, Dr. Zopf disclosed that the in vitro fucosylation methods taught by the c 320 
Application have enjoyed commercial success. In paragraph 4 of the Declaration, Dr. Zopf 
disclosed that experts were initially skeptical of in vitro glycosylation. Evidence of this 
skepticism was disclosed in a letter written by Dr. James Bailey that accompanied Dr. Zopf s 
declaration as Exhibit E. In paragraph 8 of this Declaration, Dr. Zopf described a collaboration 
with Avant Immunotherapeutics as an example of this commercial success. The results of this 
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collaboration were published as Thomas, L J. et al, Glycobiology 14(10): 883-893 (2004) 
("Thomas"). This scientific publication was attached to Dr. Zopf s Declaration as Exhibit B. As 
Dr. Zopf described in paragraphs 2 and 8 of his Declaration, the in vitro fiicosylation methods of 
the '320 Application were used successfully in Thomas. 

In the Office Action dated March 14, 2005, the Examiner stated that it is not 
crystal clear that Thomas employed the in vitro fiicosylation methods of the '320 Application. 
As further evidence of this connection between Thomas and the '320 Application, Applicants 
provide a declaration by Dr. Robert Bayer, an inventor of the '320 Application. Dr. Bayer 
demonstrates in this declaration, attached as Exhibit 2, that the methods and results of the '320 
Application are substantially the same as those disclosed in Thomas. As the link between the 
two documents has been made clear by Dr. Bayer's declaration, Applicants respectfully request 
that the Examiner fully consider all of the arguments put forward in Dr. Zopf s declaration, 
including the evidence of expert skepticism provided by the letter of Dr. James Bailey and the 
examples of commercial success as shown by the collaboration between the assignee of the '320 
Application and Wyeth/Ayerst Laboratories, and between the assignee of the '320 Application 
and Avant Immunotherapeutics. 

IK The Response to the Rejection 
a) Under 35 U.S.C. § 103(a) 

In order to establish a prima facie case of obviousness, the Examiner must 
demonstrate that (1) the references teach all the claimed elements; (2) there is a suggestion or 
motivation in the prior art to modify or combine the reference teachings; and (3) there is a 
reasonable expectation of success. MPEP § 2143; In re Vaeck, 20 USPQ2d 1438 (Fed. Cir. 
1991). 

Over Paulson, deVries or Malissard and Seed 

Claims 1-4, 6, 8, 10-17, 19-21, 31-36, 38, 40, 42-49, 51-52, 66-68, 70-77, and 79- 
86 are rejected under 35 U.S.C. § 103(a) as allegedly being obvious over Paulson, et al 9 (PCT 
Publication No. 98/31826) ("Paulson"), deVries et al (J. Biol Chem., 1995, Vol. 270 (15:8712- 
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8722)) ("deVries") or Malissard (BBRC, 2000, Vol. 267 (169-173)) ("Malissard") and Seed, et 
al. 9 (PCT Publication No. 96/40881) ("Seed"). 

Claims 54-55 and 87-106 are also rejected under 35 U.S.C. § 103(a) as allegedly 
being obvious over the same combination of references provided above. 

Since both rejections rely on the same prior art references, Applicants will address 
these rejections together. 

As explained below, the cited references fail to disclose or suggest Applicants' 
element of "conditions appropriate . . . such that the glycopeptide has a substantially uniform 
fucosylation pattern". Since Paulson, deVries, Malissard, and Seed do not contain this element, 
there is neither a motivation to combine the reference teachings to produce Applicants' 
invention, nor can a reasonable expectation of success be derived from the references. 
Therefore, a prima facie case of obviousness cannot be made. 

(1) The cited references all fail to teach one of the claimed elements 

Each of the cited references, Paulson, deVries, Malissard and Seed, fail to teach 

Applicants' claimed element of "conditions appropriate . . . such that the glycopeptide has a 
substantially uniform fucosylation pattern". 

Paulson is cited by the Examiner for "essentially teaching] a method of 
glycosylation involving an enzyme other than a fucosyltransferase". The Examiner's 
characterization implies that Paulson teaches a general method of glycosylation. Applicants 
respectfully disagree. In fact, Paulson's teachings are restricted to the specific use of 
sialvltransferases for the addition of sialic acid moieties to acceptor moieties . Paulson's 
disclosure does not mention fucosyltransferase or methods of adding fucose to a glycoprotein. 
Paulson's disclosure also fails to suggest that his sialylation conditions could be used for any 
other saccharide or glycosyltransferase. Paulson's methods are discussed specifically within the 
context of sialylation or their use with sialyltransferases. Since Paulson does not extend his 
teachings beyond sialylation, it is improper to characterize Paulson as "essentially teaching] a 
method of glycosylation involving an enzyme other than a fucosyltransferase". Rather, Paulson 
teaches a method of sialylation involving sialyltransferases. 



Page 27 of 37 



Appl. No. 09/855,320 PATENT 

Amdt. dated May 16, 2005 

Reply to Final Office Action of March 14, 2005 

Since Paulson does not explicitly teach the applicability of the disclosed 
sialylation methods for fucosylation, Paulson can not teach a glycopeptide with a substantially 
uniform fucosylation pattern. Since Paulson also limits his teachings to only those involving 
sialylation, Paulson does not suggest or imply that the reaction conditions could be used to 
produce a glycopeptide with a substantially uniform fucosylation pattern. Therefore, Paulson 
does not teach Applicants' element of the "conditions appropriate . . . such that the glycopeptide 
has a substantially uniform fucosylation pattern". 

deVries is cited by the Examiner for teaching a process of making soluble 
fucosyltransferases which lack their membrane anchoring domain. While deVries teaches this 
process, deVries does not teach a substantially uniform fucosylation pattern on a glycopeptide. 
On p. 8714, column 1, deVries discloses the fucosylation assay conditions. The amount of 
fucose donor is reported as 5 nanomoles while the amount of fucose acceptor is reported as 1 10 
nanomoles. Even if 100% of the fucose donors were transferred to the fucose acceptor, still only 
4.6% of the fucose acceptor sites would by fucosylated. Since the maximum achievable fucose 
incorporation rate taught by deVries is 4.6%, and at least 60% is required by the claim element, 
deVries does not teach Applicants' element of the "conditions appropriate . . . such that the 
glycopeptide has a substantially uniform fucosylation pattern". 

Malissard is also cited by the Examiner for teaching a process of making soluble 
fucosyltransferases which lack their membrane anchoring domain. While Malissard teaches this 
process, Malissard neither teaches a fucosylated glycopeptide nor a substantially uniform 
fucosylation pattern on any glycopeptide. Malissard states that the conditions used were 
described in Borsig et al , Glycobiology, 8: 259-268 (1 998) ("Borsig"). On p. 267, column 2, 
Borsig discloses the fucosylation assay conditions. The fucose acceptors were <x2,3- 
sialyllactosamine or 2-fucosyllactose, N-acetyllactosamine, and lacto-N-biose I. Since all of 
these fucose acceptors are oligosaccharides, Malissard (through Borsig) does not teach a 
fucosylated glycopeptide. 

Malissard also does not teach the conditions necessary to produce a glycopeptide 
with a substantially uniform fucosylation pattern. The amount of fucose donor (GDP-fucose) is 
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reported as 101 micromoles while the amount of fucose acceptor is reported as 5 millimoles. 
Even if 100% of the fucose donors were transferred to the fucose acceptor, still only 2.0% of the 
fucose acceptor sites would be fiicosylated. Since the maximum achievable fucose incorporation 
rate taught by Malissard is 2.0%, and at least 60% is required by the claim element, Malissard 
does not teach Applicant's element of the "conditions appropriate . . . such that the glycopeptide 
has a substantially uniform fucosylation pattern". 

Seed is cited by the Examiner for teaching background information regarding 
fucosyltransferases and their ability to fucosylate glycopeptides and glycolipids. While Seed 
teaches this background information, Seed does not teach the conditions necessary to produce a 
glycopeptide with a substantially uniform fucosylation pattern. Since none of the other 
references teach these conditions, none of the cited references teach or suggest how to produce a 
glycopeptide with a substantially uniform fucosylation pattern. 

Seed is a PCT publication which claims priority to U.S. Pat. App. No. 09/483,151 
(now U.S. Pat. No. 5,858,752). The claim set for the PCT publication is listed on pages 41 and 
42. Claim 30 is directed to an in vitro method of fucosylating a polypeptide by contacting a 
polypeptide with said fucosyltransferase under conditions sufficient for fucosylating said 
polypeptide. However there is no discussion, and therefore no enabling disclosure, in Seed of 
the conditions necessary for producing a glycopeptide with a substantially uniform fucosylation 
pattern. The fact that U.S. Pat. No. 5,858,752 issued without claim 30 is further evidence of the 
lack of this enabling disclosure in Seed. Therefore, Seed does not teach the conditions necessary 
to produce a glycopeptide with a substantially uniform fucosylation pattern. 

As discussed above, none of the cited references (Paulson, deVries, Malissard, 
Seed) teach the conditions necessary to produce a glycopeptide with a substantially uniform 
fucosylation pattern. Paulson does not teach these conditions because the disclosure is restricted 
to methods of sialylation involving sialyltransferases. deVries does not teach these conditions 
since deVries' conditions only produce a fucose incorporation percentage of 4.6%. Malissard 
does not teach these conditions since Malissard's conditions only produce a fucose incorporation 
percentage of 2%. Seed does not teach these conditions since in vitro fucosylation conditions are 
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not disclosed in the reference. Therefore, none of these references contain the conditions 
necessary to produce a glycopeptide with a substantially uniform fucosylation pattern. 
Therefore, not all the elements of Applicants' claims are present in the prior art, and an 
obviousness rejection is improper. 

(2) There is no suggestion or motivation to modify the reference teachings 

The cited references also fail to suggest the conditions necessary to produce a 
glycopeptide with a substantially uniform fucosylation pattern. As mentioned above, none of the 
cited references teach or suggest this element of Applicants' invention. Since Paulson, deVries, 
Malissard and Seed do not contain this element of Applicants' invention, a suggestion or 
motivation to modify the cited references for the purpose of Applicants' invention is not present. 
Therefore, a prima facie obviousness rejection cannot be maintained. 

(3) The cited references do not provide a reasonable expectation of success 

The cited references also fail to provide a reasonable expectation of success in 
performing the Applicants' invention. As mentioned earlier, there is nothing in Paulson, 
deVries, Malissard, or Seed that discloses or suggests the conditions necessary to produce a 
glycopeptide with a substantially uniform fucosylation pattern. Since the claimed invention 
provides the conditions necessary to produce a glycopeptide with a substantially uniform 
fucosylation pattern, and none of the cited reference teach conditions for producing such a 
pattern, the cited references do not create a reasonable expectation that their compounds can be 
successfully used for the purpose of Applicants' invention. Therefore, the prima facie 
obviousness rejection cannot be maintained. 

Because the cited references fail to teach all the claimed elements, do not contain 
a suggestion or motivation to modify the reference teachings, and do not provide a reasonable 
expectation of success, a prima facie case of obviousness cannot be set forth. Thus, Applicants 
respectfully request withdrawal of the rejection. 
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b) Numerous Dependent Claims include elements not found in the cited references 

The following pending claims all contain elements which are not present in the art 
currently of record. Therefore, Applicants respectfully request for notification of the allowability 
of the following claims. 

Claim 2 is directed to a method of modifying the glycosylation pattern of a 
glycopeptide which involves a first and second fucosyltransferase. In addition to the missing 
elements described in part a), there is no teaching in the cited art of a method combining a first 
and a second fucosyltransferase. 

Claim 3 is directed to a method of modifying the glycosylation pattern of a 
glycopeptide wherein the first and second fucosyltransferase contact the glycopeptide 
simultaneously. In addition to the missing elements described in part a), there is no teaching in 
the cited art of a method involving the simultaneous use of a first and second fucosyltransferase. 

Claim 4 is directed to a method of modifying the glycosylation pattern of a 
glycopeptide wherein the first and second fucosyltransferase contact the glycopeptide without 
product isolation after the first contacting. In addition to the missing elements described in part 
a), there is no teaching in the cited art of a method involving the simultaneous use of a first and 
second fucosyltransferase without product isolation after the first contacting. 

Claim 6 is directed to a method of modifying the glycosylation pattern of a 
glycopeptide which involves a first and second fucosyltransferase wherein the second 
fucosyltransferase is FucT-IV, FucT-V, FucT-VI, FucT-VII or a combination thereof. In 
addition to the missing elements described in part a), there is no teaching in the cited art of a 
method combining a first and a second fucosyltransferase wherein the second fucosyltransferase 
is FucT-IV, FucT-V, FucT-VI, FucT-VII or a combination thereof 

Claim 20 is directed to a method further comprising glycosylating a glycopeptide 
with a glycosyltransferase other than a fucosyltransferase. In addition to the missing elements 
described in part a), there is no teaching in the cited art combining a fucosyltransferase and a 
glycosyltransferase that is not a fucosyltransferase. 
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Claim 21 is directed to a method further comprising glycosylating a glycopeptide 
with a glycosyltransferase that is a galactosyltransferase, sialyltransferase, or a combination 
thereof. In addition to the missing elements described in part a), there is no teaching in the cited 
art combining a fucosyltransferase and galactosyltransferase, sialyltransferase, or a combination 
thereof. 

Claim 34 is directed to a method of producing a recombinant glycopeptide which 
involves a first and second fucosyltransferase. In addition to the missing elements described in 
part a), there is no teaching in the cited art of a method combining a first and a second 
fucosyltransferase. 

Claim 35 is directed to a method of producing a recombinant glycopeptide 
wherein the first and second fucosyltransferase contact the glycopeptide simultaneously. In 
addition to the missing elements described in part a), there is no teaching in the cited art of a 
method involving the simultaneous use of a first and second fucosyltransferase. 

Claim 36 is directed to a method of producing a recombinant glycopeptide 
wherein the first and second fucosyltransferase contact the glycopeptide simultaneously. In 
addition to the missing elements described in part a), there is no teaching in the cited art of a 
method involving the simultaneous use of a first and second fucosyltransferase. 

Claim 38 is directed to a method of fucosylating a glycopeptide in which the 
second fucosyltransferase is FucT-IV, FucT-V, FucT-VI, FucT-VII or a combination thereof. In 
addition to the missing elements described in part a), there is no teaching in the cited art of a 
method combining a first and a second fucosyltransferase wherein the second fucosyltransferase 
is FucT-IV, FucT-V, FucT-VI, FucT-VII or a combination thereof. 

Claim 52 is directed to a method of producing a recombinant glycopeptide further 
comprising glycosylating the glycopeptide with a glycosyltransferase other than a 
fucosyltransferase. In addition to the missing elements described in part a), there is no teaching 
in the cited art combining a fucosyltransferase and a glycosyltransferase that is not a 
fucosyltransferase. 
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Claim 53 is directed to a method of producing a recombinant glycopeptide further 
comprising glycosylating the glycopeptide with a glycosyltransferase that is a 
galactosyltransferase, sialyltransferase, or a combination thereof. In addition to the missing 
elements described in part a), there is no teaching in the cited art combining a fucosyltransferase 
and galactosyltransferase, sialyltransferase, or a combination thereof. 

Claims 54 and 55 are directed to large-scale methods for modifying the 
glycosylation pattern of a glycopeptide wherein at least 500 mg of glycopeptide is in the reaction 
mixture. There is no teaching in the cited art involving large-scale fucosylation of the sort 
described in the above claims. 

Claim 66 is directed to a method of modifying the glycosylation pattern of a 
glycopeptide which involves a first and second fucosyltransferase. In addition to the missing 
elements described in part a), there is no teaching in the cited art of a method combining a first 
and a second fucosyltransferase. 

Claim 67 is directed to a method of modifying the glycosylation pattern of a 
glycopeptide wherein the first and second fucosyltransferase contact the glycopeptide 
simultaneously. In addition to the missing elements described in part a), there is no teaching in 
the cited art of a method involving the simultaneous use of a first and second fucosyltransferase. 

Claim 68 is directed to a method of modifying the glycosylation pattern of a 
glycopeptide in which the second fucosyltransferase is FucT-IV, FucT-V, FucT-VI, FucT-VII or 
a combination thereof. In addition to the missing elements described in part a), there is no 
teaching in the cited art of a method combining a first and a second fucosyltransferase wherein 
the second fucosyltransferase is FucT-IV, FucT-V, FucT-VI, FucT-VII or a combination thereof. 

Claim 75 is directed to a method of producing a recombinant glycopeptide which 
involves a first and second fucosyltransferase. In addition to the missing elements described in 
part a), there is no teaching in the cited art of a method combining a first and a second 
fucosyltransferase. Also, there is no teaching in the cited art of the termination of the transfer of 
the fucose to the fucose acceptor once the substantially identical fucosylation pattern is obtained. 
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Claim 76 is directed to a method of producing a recombinant glycopeptide 
wherein the first and second fucosyltransferase contact the glycopeptide simultaneously. In 
addition to the missing elements described in part a), there is no teaching in the cited art of a 
method involving the simultaneous use of a first and second fucosyltransferase. Also, there is no 
teaching in the cited art of the termination of the transfer of the fucose to the fucose acceptor 
once the substantially identical fucosylation pattern is obtained. 

Claim 77 is directed to a method of producing a recombinant glycopeptide which 
involves a second fucosyltransferase which is selected from FucT-IV, FucT-V, FucT-VI, FucT- 
VII or a combination thereof. In addition to the missing elements described in part a), there is no 
teaching in the cited art of a second fucosyltransferase which is FucT-IV, FucT-V, FucT-VI, 
FucT-VII or a combination thereof. Also, there is no teaching in the cited art of the termination 
of the transfer of the fucose to the fucose acceptor once the substantially identical fucosylation 
pattern is obtained. 

Claim 82 is directed to a method of producing a recombinant glycopeptide further 
comprising glycosylating the glycopeptide with a glycosyltransferase that is a 
galactosyltransferase, sialyltransferase, or a combination thereof. In addition to the missing 
elements described in part a), there is no teaching in the cited art combining a fucosyltransferase 
and galactosyltransferase, sialyltransferase, or a combination thereof. Also, there is no teaching 
in the cited art of the termination of the transfer of the fucose to the fucose acceptor once the 
substantially identical fucosylation pattern is obtained. 

Claim 87 is directed to a large-scale method for modifying the glycosylation 
pattern of a glycopeptide which involves a first and second fucosyltransferase. In addition to the 
missing elements described in part a), there is no teaching in the cited art of a method combining 
a first and a second fucosyltransferase. Also, there is no teaching in the cited art involving large- 
scale fucosylation of the sort described in the above claims. 

Claim 88 is directed to a large-scale method for modifying the glycosylation 
pattern of a glycopeptide wherein the first and second fucosyltransferase contact the 
glycopeptide simultaneously. In addition to the missing elements described in part a), there is no 
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teaching in the cited art of a method involving the simultaneous use of a first and second 
fucosyltransferase. Also, there is no teaching in the cited art involving large-scale fucosylation 
of the sort described in the above claims. 

Claim 89 is directed to a large-scale method for modifying the glycosylation 
pattern of a glycopeptide wherein the first and second fucosyltransferase contact the 
glycopeptide without product isolation after the first contacting. In addition to the missing 
elements described in part a), there is no teaching in the cited art of a method involving the 
simultaneous use of a first and second fucosyltransferase without product isolation after the first 
contacting. Also, there is no teaching in the cited art involving large-scale fucosylation of the 
sort described in the above claims. 

Claim 90 is directed to a large-scale method for modifying the glycosylation 
pattern of a glycopeptide which involves a first and second fucosyltransferase wherein the first 
fucosyltransferase is FucT-IV, FucT-V, FucT-VI, FucT-VII or a combination thereof. In 
addition to the missing elements described in part a), there is no teaching in the cited art of a 
method combining a first and a second fucosyltransferase wherein the first fucosyltransferase is 
FucT-IV, FucT-V, FucT-VI, FucT-VII or a combination thereof. 

Claim 91 is directed to a large-scale method for modifying the glycosylation 
pattern of a glycopeptide which involves a first and second fucosyltransferase wherein the 
second fucosyltransferase is FucT-IV, FucT-V, FucT-VI, FucT-VII or a combination thereof. In 
addition to the missing elements described in part a), there is no teaching in the cited art of a 
method combining a first and a second fucosyltransferase wherein the second fucosyltransferase 
is FucT-IV, FucT-V, FucT-VI, FucT-VII or a combination thereof. 

Claim 105 is directed to a large-scale method for modifying the glycosylation 
pattern of a glycopeptide further comprising glycosylating the glycopeptide with a 
glycosyltransferase other than a fucosyltransferase. In addition to the missing elements 
described in part a), there is no teaching in the cited art combining a fucosyltransferase and a 
glycosyltransferase that is not a fucosyltransferase. 
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Claim 106 is directed to a large-scale method for modifying the glycosylation 
pattern of a glycopeptide further comprising glycosylating the glycopeptide with a 
glycosyltransferase that is a galactosyltransferase, sialyltransferase, or a combination thereof. In 
addition to the missing elements described in part a), there is no teaching in the cited art 
combining a fucosyltransferase and galactosyltransferase, sialyltransferase, or a combination 
thereof. 
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PATENT 



CONCLUSION 



In view of the foregoing, Applicants believe all claims now pending in this Application 
are in condition for allowance. The issuance of a formal Notice of Allowance at an early date is 
respectfully requested. 

Applicants respectfully request a telephone interview if the Examiner believes that the 
claims as amended are not in condition for allowance in light of the response submitted above. 
The undersigned can be reached at 415-442-1000. 



MORGAN, LEWIS & BOCKIUS, LLP 
One Market, Spear Street Tower 
San Francisco, California 94105 
Tel: 415-442-1000 
Fax:415-442-1001 
Attachments 

l-SF/7232846.1 




Toda Esker 
Reg. No. 46,690 
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Exhibit 1 



Applicants 9 "Teaching Away " Argument from the 
Response to the Office Action dated September 17, 2003 

The MPEP elucidates the test for this element of the prima facie obviousness case: 

The test for obviousness is what the combined teachings of the 
references would have suggested to one of ordinary skill in the art, 
and all teachings in the prior art must be considered to the extent 
that they are in analogous arts. Where the teachings of two or 
more prior art references conflict the examiner must weigh the 
power of each reference to suggest solutions to one of ordinary 
skill in the art considering the degree to which one reference 
might accurately discredit another. In re Young, 927 F.2d 588, 18 
USPQ2d 1089 (Fed. Cir. 1989) 

MPEP § 2143.01 (emphasis added) 

"Proceeding contrary to the accepted wisdom... is 'strong evidence of unobviousness.'" Ruiz v. 
Foundation Anchoring Systems, Inc. ,234 F.3d 654, 667 (Fed.Cir. 2000)(citations omitted). 
Therefore, the 'motivation to combine 1 is taken not just from the cited references, but from the 
teachings of the references as a whole. When the teachings of the references conflict, the merits 
of each reference must be weighed in order to decide which would be most persuasive to one of 
skill in the art. 

The final reference cited by the Examiner is Taylor, a published U.S. patent application. 
Although they are not yet issued, Taylor's claims are drawn to transmembrane segment-free 
polypeptides having a 1,3 -fucosyltransferase activity. Although appearing to encompass both 
eukaryotic and bacterial fucosyltransferases, it is important to note that all of Taylor's working 
examples are drawn to bacterial fucosyltransferases, which lack transmembrane domains in their 
natural state. Moreover, Taylor does not discuss any potential changes in enzyme activity which 
may arise in a eukaryotic fucosyltransferase upon removal of the transmembrane anchoring 
domain. Therefore, one of skill in the art would surmise from Taylor that transmembrane 
domain-less eukaryotic fucosyltransferases and bacterial fucosyltransferases will have similar 
properties. 

The teachings of Taylor are expressly taught away from by Costa et al, Stable Expression of 
the Golgi Form and Secretory Variants of Human Fucosyltransferase III from BHK-21 cells, J 
Biol Chem., 272: 17, 11613-11621 (1997) ("Costa"). Costa describes a series of scientific 
experiments on human fucosyltransferase III (FucT-III). When this protein contains its 
transmembrane anchoring domain, it is capable of fucosylating the substrates for Lewis a and 
Lewis x. In Costa, the transmembrane anchoring domain of FucT-III was removed. Upon 
removal, the authors reported an unexpected change in the activity of the enzyme. While the 
modified FucT-III was able to fucosylate Lewis a, it lost its ability to fucosylate the substrate for 
Lewis x or sialyl Lewis x. This finding is summarized in Costa's abstract: 

The soluble forms of fucosyltransferase III secreted by stably 
transfected cells may be used for in vitro synthesis of the Lewis a 



determinant on carbohydrates and glycoproteins, whereas Lewis x 
and sialyl Lewis x structures cannot be synthesized . 

Costa, 1 Biol CAem., 272:17, 11613 (abstract) (1997). 
Emphasis added. 

Costa, therefore, teaches that removal of the transmembrane domain can unpredictably alter the 
fucosyltransferase activity. 

Since the teachings of Costa directly conflict with those of Taylor, the power of the two 
references to one of skill in the art must be compared. MPEP § 2143.01 . Costa is a scientific 
publication that details the unexpected results of a series of real-world experiments conducted on 
a eukaryotic fucosyltransferase. On the other hand, Taylor is a published patent application that 
does not disclose the manipulation of any eukaryotic fucosyltransferases. Since Costa's findings 
are based on actual experimentation with eukaryotic fucosyltransferases, while Taylor's findings 
do not, one of skill in the art would find the teachings of Costa to be more powerful and 
persuasive than the teachings of Taylor. 

The power of Costa's teaching away argument is not overcome by the other references cited by 
the Examiner, Seed and Paulson. Since Paulson does not describe fucosyltransferases, it also 
does not disclose the use of transmembrane domain-less eukaryotic fucosyltransferases. While 
Seed discusses eukaryotic fucosyltransferases, it does not mention transmembrane domains or 
any circumstances that would necessitate their removal. Therefore, these references do not 
provide a motivation to remove the transmembrane domain from a eukaryotic fucosyltransferase. 
Since neither the Paulson nor Seed references are germane to the discussion in earlier paragraphs 
concerning transmembrane domain-less eukaryotic fucosyltransferases, the power of Costa's 
teaching away argument remains unmitigated. 

Based on the discussion above, Costa expressly teaches away from the use of a transmembrane 
domain-less eukaryotic fucosyltransferase to fucosylate the substrate for Lewis x or sialyl Lewis 
x. In spite of these warnings in the references, Applicant succeeded in producing transmembrane 
domain-less eukaryotic fucosyltransferases which are capable of fucosylating the substrate for 
Lewis x or sialyl Lewis x. Because a reference teaches away from the Applicant's invention, 
there is no motivation or suggestion in the references for this feature of Applicant's invention. 
Because the Applicant presents surprising results that refute teachings in the references, the 
obviousness rejection is improper and cannot be maintained. 



Applicants ' "Teaching Away" Argument from the 
Response to the Office Action dated July 9, 2004 



Specifically none of the cited prior art references teach or suggest using fucosyltransferases 
lacking membrane anchoring domains in vitro. The Office Action states that "Natsuka et al. 
teach eukaryotic FTs that lack membrane anchor domain." Applicants respectfully submit that 
Natsuka does not teach or suggest fucosyltransferases lacking membrane anchoring domains. To 
the contrary, Natsuka discloses that fucosyltransferases lacking membrane anchoring domain 
cannot be expressed or obtained using transformed cell lines, thus no fucosylation activity can be 
detected with fucosyltransferases lacking membrane anchoring domain. 

In particular, Natsuka discloses five (5) representative cDNA clones of fucosyltransferase VII, 
i.e. cDNA3, cDNA5, cDNA6, cDNAlO, and cDNA14 (Figure la, and column 24, lines 45-50). 
Of these 5 classes of cDNA clones, four of them (cDNA 5, 6, 10, and 14) are trans-membrane 
proteins while one of them, Le., cDNA3 lacks the membrane anchoring domain (column 24, 
lines 58-67, column 25, lines 1-23). Natsuka discloses that "[i]n contrast to the results obtained 
with cDNAs 5, 6, 10, and 14, cDNA 3 does not direct detectable sLe x expression." (See column 
26, lines 10-11). Natsuka further discloses that "cells transfected with cDNA3 do not contain 
any detectable immunoreactive proteins" and this suggests that "the putative initiator codon. ..in 
this cDNA does not initiate translation of an immunoreactive product", i.e., does not initiate 
translation of a fucosyltransferase. In essence, Natsuka discloses that it can not obtain a 
detectable level of FucT-VII lacking the membrane anchoring domain, i.e., the sequence of 
FucT-VII does not naturally encode a FucT-VII that lacks the membrane anchoring domain. 
Such results provided by Natsuka would have cast serious doubts as to whether FucT-VII lacking 
the membrane anchoring domain is obtainable, and if so, whether it would be useful for 
fucosylation. 

In addition to the teaching away by Natsuka' s disclosure with respect to FucT-VII, Costa et al., 
(Journal ofBiological Chemistry, vol. 272, No. 17pp. 11613-11621, 1997) also disclose that 
another member of fucosyltransferase family, FucT-III, cannot be used to fucosylate 
glycopeptides after losing its membrane anchoring domain. (See abstract and discussion 
sections). The Office Action states that because applicants have excluded FucT-III from certain 
claims, "it cannot be concluded that what happened with FucT-III would also happen in the case 
of all other FTs." Applicants respectfully submit that such assertion is without any merit and 
entirely based on hindsight. 

At the time of the present invention, one skilled in the art did not have any knowledge of the 
present invention. Thus it can not be said that one skilled in the art would have known FucT-III 
is somewhat unique because of what has been disclosed or claimed in the present invention. In 
other words, the disclosure of Costa et al., has to be viewed by one skilled in the art without the 
benefit of the teaching provided by the present invention, e.g., without the benefit of knowing 
that FucT-III has been excluded from certain claims of the present invention. Therefore, 
according to the disclosure of Costa et al, one skilled in the art would have had serious doubts as 
to whether fucosyltransferases lacking the membrane anchoring domain could still maintain their 
activity in light of the fact that FucT-III lacking the membrane anchoring domain was 
demonstrated to lose its fucosylation activity. 



The Office Action further asserts that irrespective of the disclosure provided by Costa et al., one 
skilled in the art would have deleted the membrane anchoring domain because of the solubility 
issue associated with membrane bound proteins. Applicants respectfully submit that such 
assertion is not supported by any evidence and runs directly against the disclosures of Costa et 
al., and Natsuka et al., both of which disclose that fucosyltransferases lacking the membrane 
anchoring domain do not have fucosylation activity. In the absence of any teaching or 
suggestion, one skilled in the art knowing the disclosure by Costa et al., and Natsuka et al, 
would have had serious doubts as to whether members of fucosyltransferase family can be used 
for fucosylation without their membrane anchoring domain. Even if one skilled in the art would 
have considered deleting the membrane anchoring domain of a fucosyltransferase, other than 
FucT-III or FucT-VII, he or she would not have had any reasonable expectation of success in 
light of the fact that both FucT-III and FucT-VII, according to the prior art disclosure, cannot be 
used for fucosylation without the membrane anchoring domain. 

Seed discloses the DNA and amino acid sequences of a(l,3)fucosyltransferase and the use of 
such full length fucosyltransferase for fucosylation of therapeutic peptides. Seed does not teach 
or suggest that such fucosyltransferase can be used without its membrane anchoring domain for 
fucosylation of glycopeptides. 

Kashem discloses the use of fucosyltransferase for a single fucosylation site on a simple 
chemical compound, i.e., oligosaccharides. Kashem does not teach or suggest that 
fucosyltransferases can be used for any fucosylation of chemical compounds without their 
membrane anchoring domain. 

Paulson discloses the use of sialyltransferases for in vitro sialylation of glycoproteins. Paulson 
does not teach or suggest that fucosyltransferases can be used without their membrane anchoring 
domain for the purpose of fucosylation of glycopeptides. As acknowledged by the Office 
Action, Paulson is cited to show glycosylation of peptides using enzymes other than 
fucosyltransferases which is in response to claim limitations such as glycosylation by an enzyme 
other than an fucosyltransferase. 

Therefore, Seed, Kashem, and Paulson can not cure the deficiency of Natsuka. 

In summary, none of the cited prior art references teach or suggest the use of fucosyltransferases 
without their membrane anchoring domain and it would not have been obvious to one skilled in 
the art that fucosyltransferases without their membrane anchoring domain could be used in vitro, 
especially in light of substantial "teaching away" disclosures in the field. Thus the in vitro 
methods of using fucosyltransferases without their membrane anchoring domain as provided by 
the present invention are not obvious over the cited prior art. 
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Sir: 



I, Robert Bayer, Ph.D. declare as follows: 



1 . I am Senior Director of Research at Neose Technologies, Inc. My duties include 
directing the research operations of approximately 20 scientists at Neose' s San Diego facility. 
Among these research operations are Neose's GlycoAdvance collaborations. GlycoAdvance is 
the name of our in vitro glycosylation technologies. I have over 14 years experience in this 
technology area. My Curriculum Vitae is attached as Exhibit 2A . 

2. I am an inventor of the subject matter claimed in U.S. Patent Application No. 
09/855,320 entitled "In Vitro Modification of Glycosylation Patterns of Recombinant 
Glycopeptides" ("the '320 Application"). I am familiar with the material contained in this 
application. 
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3. The 6 320 Application discloses glycopeptides with a "substantially uniform 
glycosylation pattern" prepared through contacting a glycopeptide having a glycosyl acceptor 
with a glycosyltransferase and a glycosyl donor moiety. The '320 Application further discloses 
and also claims a glycopeptide with a "substantially uniform fucosylation pattern" prepared by 
contacting a glycopeptide having a fucosyl acceptor with a fiicosyltransferase and a fucosyl 
donor moiety. 

4. In an earlier filed Declaration by Dr. David Zopf ("Zopf Declaration"), a 
scientific paper, Thomas, LJ. etal, Glycobiology 14(10): 883-893 (2004) ("Thomas"), was 
presented. Thomas was the result of a collaboration between the assignee of the '320 
Application and Avant Immunotherapeutics, and is attached as Exhibit 2B . 

5. I am submitting this declaration to clarify the substantial identity between the 
methods and results of the '320 Application and those of the Thomas reference. 

6. The starting material in an example of the '320 Application and in Thomas were 
substantially identical. See paragraph 13. 

7. The starting material in an example of the '320 Application and in Thomas were 
submitted to substantially identical fucosylation conditions. The only difference between the 
examples disclosed in the two documents is the ratio of fucosyl donor to fucosyl acceptor 
substrate. In the '320 Application, this ratio is 14:1 (donor:acceptor); in Thomas, this ratio is 7:1 
(dononacceptor). See paragraph 14. 

8. Because substantially the same starting materials were submitted to substantially 
the same fucosylation conditions, one of skill in the art would appreciate that the products of the 
method of the '320 Application and those of Thomas are substantially the same. 

9. The '320 Application claims a composition comprising a glycopeptide having a 
"substantially uniform fucosylation pattern." 
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10. The term "substantially uniform glycosylation pattern" is defined on page 1 5, 

lines 1-3 and 12-15 of the c 320 Application as follows: 

A "substantially uniform glycoform" or a "substantially uniform 
glycosylation pattern," when referring to a glycopeptide species, 
refers to the percentage of acceptor moieties that are glycosylated 
by the glycosyltransferase of interest (e.g., fucosyltransferase). . . 

The term "substantially" in the above definitions of "substantially 
uniform" generally means at least about 60%, at least about 70%, 
at least about 80%, or more preferably at least about 90%, and still 
more preferably at least about 95% of the acceptor moieties for a 
particular glycosyltransferase are glycosylated. 

According to this definition, a minimum of 60% of the glycosyl acceptor moieties on a 
glycopeptide must be glycosylated in order for the glycopeptide to possess a "substantially 
uniform glycosylation pattern". Therefore, for the specific case of fucose, a minimum of 60% of 
the fucosyl acceptor moieties on a glycopeptide must be fucosylated in order for the glycopeptide 
to possess a "substantially uniform fucosylation pattern". 

1 1 . The 7:1 fucosylation conditions in Thomas yielded a product with a "substantially 
uniform fucosylation pattern". Therefore, the products subjected to the 14:1 fucosylation 
conditions of the '320 Application also possess a "substantially uniform fucosylation pattern". 
See paragraphs 16-25. 

12. To the extent that the fucosylation conditions differ, the fucosylation conditions of 
the 6 320 Application would not be expected to reduce the total percentage of fucosylation, 
because there are more fucose donors present in the reaction mixture. 

The starting materials in the '320 Application and in Thomas were substantially identical. 

13. In both Thomas and the '320 Application, the starting material was sCRl-S. In 
both Thomas and the '320 Application, this starting material was produced in situ from a 
sialylation reaction. The similarity in the starting materials was revealed through fluorophore- 
assisted carbohydrate electrophoresis gel ("FACE gel") analysis. The FACE gel analysis of the 
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starting material for Thomas was disclosed in lane 3 of Figure 1. The FACE gel analysis of the 
starting material for the '320 Application was disclosed in the 'sialylated' lane of Figure 3. The 
band patterns in both lane 3 and the 'sialylated' lane were the same. The higher of the two bands 
was a monosialylated glycan product (DP = 7) and the lower of the two bands was a disialylated 
glycan product (DP = 6.2). The structures of these glycan products are attached as part of 
Exhibit 2C . The monosialylated glycan product is structure A in Exhibit 2C while the 
disialylated glycan product is structure B of Exhibit 2C. 

The same starting materials were subjected to substantially identical fucosylation 
conditions in the methods of Thomas and in the methods of the '320 Application. 

14. Substantially identical fucosylation conditions are disclosed in Thomas and the 
'320 Application. These conditions are attached as Exhibit 2D . Thomas and the '320 
Application disclose that the reaction temperatures as well as concentrations of fucose acceptors 
(sCRl-S), fucose donors (GDP-fucose) and fucosyltransferases (FT-VI) are the same. In 
addition, the ratio of fucosyltransferase to fucose acceptor (FT-VI : sCRl-S) is the same for 
Thomas (0.02 U FT-VI/mg sCRl-S) as for the '320 Application (0.02 U FT-VI/mg sCRl-S). 
The main difference between the two reaction conditions lies in the ratio of fucose donor to 
fucose acceptor. For Thomas, this ratio is 7:1. For the '320 Application, this ratio is 14:1. In 
other words, the method of the '320 Application utilizes a 2-fold excess of fucose donor (per 
fucose acceptor) as compared to Thomas. One of skill in the art would expect that more fucose 
donors would not reduce the total percentage of fucosylation. Therefore, if the 7: 1 fucose donor 
: fucose acceptor fucosylation conditions of Thomas produce a "substantially uniform 
fucosylation pattern", then the 14:1 fucose donor : fucose acceptor fucosylation conditions of the 
'320 Application will also produce a "substantially uniform fucosylation pattern". 

The products in the '320 Application and in Thomas are substantially identical. 

15. The similarity in the products in Thomas and the 4 320 Application were revealed 
through FACE gel analysis. The FACE gel analysis of the products in Thomas was disclosed in 
lane 4 of Figure 1 . The FACE gel analysis of the products in the '320 Application was disclosed 
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in the 'sialylated and fucosylated' lane of Figure 3. In both lane 4 and the 'sialylated and 
fucosylated' lane, a band was not present at DP 6.2, indicating the consumption of the 
unfiicosylated, disialylated starting material. In both lane 4 and the 'sialylated and fucosylated' 
lane, one band was visible slightly below DP 7, with trace bands at higher DP values. The band 
contained a difucosylated, disialylated product. This product is structure D in Exhibit 2C. 

The 7:1 donor : acceptor fucosylation conditions in Thomas yielded a product with a 
"substantially uniform fucosylation pattern 9 '. 

16. The product of the 7:1 donor : acceptor fucosylation conditions in Thomas was 
subjected to HPLC and MALDI-TOF-MS analysis (Thomas, p. 884, column 1). The HPLC 
results are presented in paragraph 18. The MALDI-TOF-MS results are used in paragraphs 18- 
25 to determine whether the glycopeptide products of Thomas possess a "substantially uniform 
fucosylation pattern." 

17. The HPLC analysis yielded monosaccharide content information, which was 
reported in the "sCRl-S/F" column in Table I of Thomas. According to structure D of Exhibit 
2C, one of skill would expect the ratios of glucosamine: galactose: mannose: fiicose: sialic acid 
to be 4: 2: 3: 3: 2. The reported relative amounts of these monosaccharides are 48: 27: 35: 39: 
28, which reduces to 4: 2.3: 3: 3.3: 2.3. These experimental values correlate well with expected 
values. 

18. The MALDI-TOF-MS analysis yielded molecular weight information about the 
fucosylation reaction products, which was reported in Figure 7C of Thomas. This molecular 
weight information was then converted into product percentages which are reported in Table III 
of Thomas. 

19. Whether a glycopeptide has a "substantially uniform fucosylation pattern" was 
determined by dividing the total number of fucosylated acceptor sites by the total number of 
potential fucose acceptor sites. Paragraphs 20-23 detail the percentage of glycans that have one, 
two, three, or four acceptor sites, and the percentage of the acceptor sites that are fucosylated. 
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These percentages are then used in paragraph 24 to determine the total percentage of 
fucosylation, or whether a glycopeptide has a "substantially uniform fucosylation pattern". 

20. Calculations for glycans with one acceptor site. The percentage of one-acceptor 
glycans having no fucose is 0.43 + 0.7 + 3.47 = 4.60. The percentage of one-acceptor glycans 
having one fucose is 0.95 + 1.15 + 7.07 = 9.17. The total percentage of glycans with one- 
acceptor glycans is (4.60 + 9.17) = 13.77. Of this number, 9.17/13.77 = 67% are fiicosylated. 

2 1 . Calculations for glycans with two acceptor sites. The percentage of two-acceptor 
glycans having no fucose is 1.06. The percentage of two-acceptor glycans having one fucose is 
1.28 + 2.93 + 17.26 + 0.13 = 21.60. The percentage of two-acceptor glycans having two fucoses 
is 0.58 + 6.12 + 51.24 + 0.82 = 58.76. The total percentage of glycans with two-acceptor 
glycans is (1.06 + 21.60 + 58.76) = 81.42. Of this number, 85.4% are fucosylated, as shown 
below. 

(1.06)x0 + (1.28 + 2.93 + 17.26 + 0.13)xl + (0.58 + 6.12 + 51.24 + 0.82)x2 oc An/ 

± J - i J - ^ = 85.4% 

(81.42x2) 

22. Calculations for glycans with three acceptor sites. The percentage of three- 
acceptor glycans having no fucose is 0.16. The percentage of three-acceptor glycans having one 
fucose is 0.38. The percentage of three-acceptor glycans having two fucoses is 1.51 + 0.75 = 
2.26. The percentage of three-acceptor glycans having three fucoses is 0.76. The total 
percentage of glycans with three-acceptor glycans is 3.55. Of this number, 67% are fucosylated, 
as shown below. 

(0.16)x0 + (0.38)xl + (1.51 + 0.75)x2 + (0.75)x3 „ ft/ 
(3.55x3) 

23. Calculations for glycans with four acceptor sites. The percentage of four-acceptor 
glycans having no fucose is 0.1 8. The percentage of four-acceptor glycans having one fucose is 
0.35. The percentage of four-acceptor glycans having two fucoses is 0. The percentage of four- 
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acceptor glycans having three fiicoses is 0. The total percentage of glycans with four-acceptor 
glycans is 0. The total percentage of glycans with four-acceptor glycans is 0.53. Of this number, 
16% are fucosylated, as shown below. 

(0.18)x0 + (0.35)xl + (0)x2 + (0)x3 + (0)x4 

= 1 o/o 

(0.53x4) 

24. Based on the percentages of paragraphs 20-23, the total percentage of 
fucosylation by Thomas is 83%, as shown below. 

(1 3.77) x 0,67 + (8 1.42 ) x 0.854 + (3.55 ) x 0.67 + (0.53) x 0. 16 = g3% 
(13.77 + 81.42 + 3.55 + 0.53) 

Since the total percentage of fucosylation is at least 60%, the glycopeptides produced by the 
methods of Thomas possess a "substantially uniform fucosylation pattern." 

25. As mentioned in paragraphs 7 and 14, the fucosylation conditions between 
Thomas and the 6 320 Application are the same except that the method of the '320 Application 
utilizes a 2-fold excess of fucose donor (per fucose acceptor) as compared to Thomas. One of 
skill in the art would expect that more fucose donors would not reduce the total percentage of 
fucosylation. Therefore, since the 7:1 donor : acceptor fucosylation conditions of Thomas yield 
a glycopeptide with a "substantially uniform fucosylation pattern," the 14:1 donor : acceptor 
fucosylation conditions of the '320 Application also yield a glycopeptide with a "substantially 
uniform fucosylation pattern". 
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26. I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code, and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 

Dated: 

Robert Bayer, Ph.D. 

l-SF/7233111.1 
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6105 Dirac St 

San Diego, CA 92122 



Robert J. Bayer, Ph.D 



(858) 452-2313 (work) 
(858) 453-8562 (home) 



RESEARCH AND PROFESSIONAL EXPERIENCE 
Neose Technologies, Inc., San Diego, CA 1999-Present 

Senior Director, Research 

• Promoted to Senior Director, 2001 . 

• Recipient of Presidents award, 2002. 

• Established West Coast facility of Neose (now 20 employees). 

• Responsible for directing science at San Diego facility. 

• Responsible for carrying out GlycoAdvance collaborations with partners. 

• Responsible for monoclonal antibody glycosylation projects at Neose. 

• Responsible for carrying out product optimization for three products in pre-clinical 
development. 

• Inventor or co-inventor on over 1 5 pending patent applications. 

Cytel, Inc., San Diego, CA 1990-1999 
Group Leader, Biochemistry 

• Promoted to Senior Scientist in 1993, promoted to Group Leader in 1994. 

• Recipient of President's Award in 1994. 

• Responsible for molecular biology and biochemistry, including discovery research, 
cloning, expression, and purification methods development of glycosyltransferases used 
in manufacturing , and process development and generation of manufacturing directions 
for enzymatic carbohydrate synthesis. 

• Discovered and patented method allowing near 100% yields for enzymatic carbohydrate 
synthesis, planned and carried out all scale-up from milligram to kilogram scale 
manufacturing for four products. 

• Carried out or supervised the enzymatic steps under cGMP's in the manufacture of Phase 
I and Phase II clinical supplies of Cylexin. 

• Developed or supervised the development of purification protocols for recombinant 
enzymes used at Cytel for Cylexin™ manufacturing from a variety of expression systems 
(mammalian, bacterial, fungal, insect cell). 

• Developed methods for examining selectin-ligand interactions including ELISA, flow 
cytometry, fluorescence, and equilibrium dialysis. 

As part of a collaborative effort with Abbott Laboratories, developed enzymatic synthesis 
technology to manufacture a human milk oligosaccharide for inclusion in their nutritional 
product lines. 

• Successfully transferred technology to Abbott CAPD, and assisted in manufacturing 
multiple kilogram batches on site at Abbott used in human clinical trials. 

• Developed enzymatic synthesis technology to produce other carbohydrates with business 
partners to be used in medical devices as well as consumer products. 



• Developed glycoprotein remodeling technology to 'repair' incorrect glycosylation on 
recombinant glycoprotein therapeutics in collaboration with several other biotechnology 
companies. 

• Developed or supervised development of assays suitable for high throughput screening 
for inhibitors of glycosyltransferases. 

• Planned and carried out all purification process development, manufacturing, analytical 
development, and stability/formulation testing for CY1748, Cytel's humanized anti-P- 
selectin monoclonal antibody. 

Pharmacia Genetic Engineering 1988-1990 

Research Scientist 

Developed purification protocols for recombinant HIV proteins to be used in clinical diagnostics. 

• Carried out or supervised microbial fermentation. 

• Purification and characterization of recombinant proteins from procaryotic and 
eukaryotic expression systems; renaturation of proteins from inclusion bodies. 

• Synthesis, purification, and conjugation of peptides for use as immunogens. 

University of California at San Diego 1984-1988 

Postdoctoral Associate, Chemistry Department, Supervisor Prof. J. Kyte 

• Developed a new methodology for determining the topology of membrane proteins, and 
applied this technology to the sodium-potassium ATPase. 

Kyoto University 1983-1984 

Researcher, Department of Biophysics, Supervisor Prof. S.I. Ohnishi 

• Investigated production of 2-D crystals of influenza virus hemagglutinin for structural 
determination. 

Cornell University 1979-1983 

Graduate Student, Biochemistry and Mol. Biol., Supervisor Prof. G. Feigenson 

• Developed a new reconstitution method for Ml 3 coat protein. This was then used to 
characterize protein partitioning in model membranes undergoing divalent cation-induced 
phase changes using ESR and fluorescence spectroscopy. 

University of Michigan 1976-1979 

Research Associate, Department of Biochemistry, Supervisor Prof J. Shafer 

• Used deuterium isotope effects, UV-visible difference spectroscopy, CD and NMR 
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Recombinant soluble human complement receptor type 1 
(sCRl) is a highly glycosylated glycoprotein intended for 
use as a drug to treat ischemia-reperfusion injury and other 
complement-mediated diseases and injuries. sCRl-sLe x pro- 
duced in the FT-VI-expressing mutant CHO cell line LEC11 
exists as a heterogeneous mixture of glycoforms, a fraction of 
which include structures with one or more antennae ter- 
minated by the sialyl Lewis X (sLe x ) |Neu5Aca2-3Gaipi- 
4(Fucocl-3)GlcNAc]) epitope. Such multivalent presentation 
of sLe x was shown previously to effectively target sCRl to 
activated endothelial cells expressing E-selectin. Here, we 
describe the use of the soluble, recombinant oc2-3 sialyltrans- 
ferase ST3Gal-III and the al-3 fucosyltransferase FT-VI 
in vitro to introduce sLe x moieties onto the N-glycan chains 
of sCRl overexpressed in standard CHO cell lines. The pro- 
duct (sCRl-S/F) of these in vitro enzymatic glycan remodel- 
ing reactions performed at the 10-g scale has approximately 
14 N-glycan chains per sCRl molecule, comprised of bian- 
tennary (90%), triantennary (8.5%), and tetraantennary 
(1.5%) structures, nearly all of whose antennae terminate 
with sLe* moieties. sCRl-S/F retained complement inhibi- 
tory activity and, in comparison with sCRl- sLe x produced 
in the LEO I cell line, contained twice the number of sLe x 
moieties per mole glycoprotein, exhibited a twofold increase 
in area under the intravenous clearance curve in a rat phar- 
macokinetic model, and exhibited a 10-fold increase in affi- 
nity for E-selectin in an in vitro binding assay. These results 
demonstrate that in vitro glycosylation of the sCRl drug 
product reduces heterogeneity of the glycan profile, improves 
pharmacokinetics, and enhances carbohydrate-mediated 
binding to E-selectin. 

Key words: glycoengineering/glycoprotein remodeling/ 
glycosylation/glycosyltransferase 
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Introduction 

Soluble complement receptor type 1 (sCRl) is a recom- 
binant glycoprotein that has been shown to inhibit the pro- 
gression of the complement cascade in both the classical and 
alternative pathways by inhibiting the stable formation of 
C3 and C5 convertases and by serving as a cofactor in the 
proteolytic degradation of C3b and C4b by Factor I 
(Weisman et aL, 1 990). The administration of sCR I has been 
shown to be effective in a number of animal disease models 
of human complement-dependent ischemia-reperfusion 
injury for tissues, such as heart (Lazar et aL, 1999), liver 
(Lehmann et aL, 1998), hind limb (Kyriakides et aL, 2001a), 
lung (Naka et aL, 1997), and intestine (Williams et aL, 
1999). Complement inhibition by sCRl has been shown to 
reduce hyperacute rejection (Pruitt et aL, 1997) and enhance 
graft survival in many established transplant models (Kaliio 
et aL, 2000; Pratt et aL, 1996; Stammberger et aL, 2000). 

In some clinical situations, complement inhibition ther- 
apy could be more effective if it were targeted directly to 
sites of endothelial activation. At sites of inflammation, 
activated endothelial cells express E-selectin and P-selectin, 
surface adhesins with carbohydrate-binding domains that 
recognize the carbohydrate epitope, sLe x (Neu5Acct2- 
3Galpl-4[Fucal-3]GlcNAc(31-) (Lasky, 1995). 

Previously we have described sCRl-sLe x (Picard et aL, 
2000; Rittershaus et aL, 1999), a variant of the sCRl glyco- 
protein conveniently produced in LECH cells transfected 
with the sCRl gene. LEC11 is a mutant Chinese hamster 
ovary (CHO) cell line that expresses fucosyltransferase VI 
(FT-VI), a Golgi enzyme capable of adding fucose in al-3 
linkage to GlcNAc in oligosaccharide chains that terminate 
with either Galpl-4GlcNAcpi ... or NeuAca2-3Gaipi- 
4GlcNAcpi ...(Zhang et aL, 1999). Of the 25 potential 
N-glycosylation sites within the sCRl polypeptide 
sequence, 13-15 are occupied, the majority with biantenn- 
ary chains, creating the possibility for as many as 30 sLe x 
moieties per molecule of sCRl-sLe x . However, a previously 
reported analysis of the N-glycans of sCRl-sLe x showed 
heterologous oligosaccharides with a variety of partially 
sialylated and fucosylated structures yielding less than the 
maximal number of sLe x moieties (Picard et aL, 2000; 
Rittershaus et aL, 1999). Similar heterogeneity of glycans 
in CHO-expressed glycoproteins has been described pre- 
viously and attributed to incomplete Golgi processing, post- 
secretion degradation due to glycohydrolases released into 
cell culture media, or both (Goochee et aL, 1991; Jenkins 
etaL, 1996). 

In this article we describe a process to introduce sLe x 
moieties onto the N-glycan chains of sCRl produced in 
standard CHO cell lines using in vitro enzymatic synthesis. 
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This method employs serial treatment of sCRl with soluble 
recombinant rat ST3Gal-IlI and human FT-VI to give an 
sCRl-sLe x product, designated sCRl-S/F (for differentia- 
tion from the LECH product) in which the antennae of 
N-glycans are nearly uniformly terminated with sLe x epi- 
topes. The benefits of in vitro glycan remodeling include 
improved pharmacokinetics, enhanced binding to E-selec- 
tin, and a means to improve product homogeneity. Enzy- 
matic remodeling is demonstrated at the 10-g scale. 



Results 

In vitro remodeling of sCRl glycans 

sCRl (250 mg) expressed in CHO cells was sialyated by 
treatment with ST3Gal-III plus CMP-sialic acid to give a 
product designated sCRl-S. After an aliquot was removed 
from the reaction mixture for analysis, the remaining 
sCRl-S was fucosylated in the same reaction vessel by the 
addition of FT-VI plus GDP-fucose to give a product 
designated sCRl-S/F. After purification by serial chroma- 
tography on ceramic hydroxyapatite and Q Sepharose, the 
reaction products had the same retention time and percent 
purity (98.5%) by reversed phase high-pressure liquid chro- 
matography (RP-HPLC) as the starting material, sCRl 
(data not shown). Chemical and functional properties of 
these molecules were compared with those of sCRl-sLe x , a 
molecule previously produced in the FT-VI-expressing 
LEC1 1 CHO cell line and shown to contain some N-linked 
biantennary glycans terminated with the sLe x tetrasacchar- 
ide (Picard et al % 2000). 

From the mannose content of sCRl, sCRl-S, sCRl-S/F, 
and sCRl-sLe x (Table 1) it may be inferred that these 
molecules contain — 1 3— 1 5 N-glycan chains per mol protein 
(assuming 3 mol mannose per N-glycan chain). The 
fluorophore-assisted carbohydrate electrophoresis (FACE) 
oligosaccharide profile for sCRl (Figure 1) shows three 
major bands consistent with a biantennary structure con- 
taining zero, one, or two sialic acid residues, as described 
previously (Picard et a/., 2000). The monosaccharide com- 
position of sCRl (Table I) suggests that ~57% of total 



Table 1. Monosaccharide Content (mol/mol glycoprotein) by HPLC 
analysis 





sCRl 


sCRl-S 


sCRl-S/F 


sCRl-sLc* 


Glucosamine 


62 


48 


48 


62 


Galactose 


33 


28 


27 


38 


Mannose 


44 


39 


35 


40 


Fucose 


16 


12 


39 


33 


Sialic acid 


19 


30 


28 


27 


Sialic acid/ga lactose 


0.57 


1.09 


1.06 


0.70 


Glycosylation sitcs/sCRl 


15 


13 


12 


13 


Estimated sLe7sCRl-sLc x * 


n.a. 


n.a. 


28 


14 



^Estimated sLe x /sCRl-sLe x = (Fuc/sCRl-sLe x - sitcs/sCRI-sLc") x Sial/ 
Gal ratio. 
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galactosyl residues are substituted with sialic acid (19 mol 
sialic acid/ 33.2 mol galactose). By comparison, the FACE 
oligosaccharide profile for sCRl-S (Figure 1) shows one 
major band that migrates at a position consistent with a 
biantennary structure containing two sialic acid residues, 
and monosaccharide analysis reveals the galactose/sialic 
acid ratio to be 1:1 (Table I). 

FACE analysis of glycans from sCRl-S/F, prepared by 
enzymatic fucosylation of sCR-S, suggests that N-glycans 
are predominantly biantennary and that fucosylation at 
both antennae is nearly complete (Figure 1). The dominant 
oligosaccharide band derived from sCRl-S/F was cut out 
and extracted from the gel. Sequential removal of mono- 
saccharide residues from the extracted glycoprotein using 
specific glycosidases gave products with mobilities consis- 
tent with ctl-6 core-fucosylated, biantennary N-glycans 
(Figure 2). Monosaccharide analysis of sCRl-S/F shows 
the presence of 39.3 moles fucose per mol sCRl-S/F, a 
figure in agreement with the prediction from theory that 
39-45 fucose residues per mol protein would be present if all 
N-glycans were core fucosylated and enzymatic fucosyla- 
tion of antennary GlcNAc residues were complete. 

The FACE oligosaccharide profile for sCR 1 -sLe\ a glyco- 
protein produced in LEC1 1 CHO'cells, shows at least seven 
bands (Figure 1) with some common to sCRl and others 
shown previously (Picard et al, 2000) to represent core 
fucosylated structures with a 1-3 fucosylation at one or 
more antennae. Heterogeneity in the degree of fucosylation 
of the N-glycan chains from sCRl-sLe x also can be appre- 
ciated from the results of monosaccharide analysis (Table I). 
For example, it may be calculated (assuming 3 mannose 
residues per chain) that sCRl-sLe x contains an average 
of 2.5 fucosyl residues per glycan chain. By contrast, the 
fucose content per glycan chain increases from 0.95 for 




1 2 3 4 5 



Fig. 1. FACE profiling of oligosaccharides from sCRI-sLc* and sCRl 
before and after enzymatic remodeling: (1) Glyko oligosaccharide 
standard ladder, (2) sCR 1 , (3) sCR 1 -S, (4) sCR 1 -S/F, (5) sCR 1 -sLe\ The 
oligosaccharide profile of sCRl (lane 2) contains predominantly bands 
representing biantennary structures with two sialic acids (bottom band), 
one sialic acid (middle band), and no sialic acids (top band). 
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1 2 3 4 5 6 7 8 

Fig. 2. FACE analysis of oligosaccharides from sCRl-S/F after serial 
treatment with glycosidascs. The dominant oligosaccharide band derived 
from sCRl-S/F (lane 2) was cut out and extracted from the gel. The 
resulting oligosaccharide preparation was digested sequentially to 
remove each monosaccharide residue starting at the terminal sialic acid 
residue and ending at the trimannosyl core: (1) Glyko oligosaccharide 
standard ladder; (2) total N -linked oligosaccharides of sCRl-S/F; (3) 
purified dominant band (band 1) from lane 2; (4) band 1 treated with 
NANascIlI (cleaves ct2-3, 4. 6, 8, and 9 linked sialic acid); (5) band 1 
treated with NANascIlI and Fucaselll (cleaves al-3 and 4 fucose); (6) 
band 1 treated with NANascIlI, Fucaselll, and Galaselll (cleaves 
terminal galactose); (7) band 1 treated with NANaselll and Fucaselll, 
Galaselll, and hexosaminidase; (8) standard trimannosyl core N-glycans 
with (upper band) and without al-6 fucose. 




12 3 4 

Fig. 3. FACE analysis of oligosaccharides from sCRl-S/F treated with 
sialidases. The dominant oligosaccharide band (band 1) derived from 
sCRl-S/F (sec Figure 2, lane 2) was cut out and extracted from the gel. 
The resulting oligosaccharide preparation was subjected to enzymatic 
digestion to remove terminal sialic acid: (1) Glyko oligosaccharide 
standard ladder; (2) band 1 from sCRl-S/F; (3) band 1 treated with 
NANascI (cleaves a2-3 linked sialic acid); (4) band 1 treated with 
NANascIlI (cleaves a-3, 4, 6, 8, and 9 linked sialic acid). 



sCRl-S to 3.3 for sCRl-S/F, a result that correlates well 
with the single band visualized by FACE analysis of sCRl- 
S/F (Figure 1). 

Oligosaccharide sequencing using FA CE 

The linkage of terminal sialic acids on sCRl-S/F was 
assessed by digestion with specific neuraminidases 
(Figure 3). Complete removal of sialic acid by treatment 
of band 1 from sCRl-S/F with NANase I indicates that 
sialic acid residues are al-3 linked, as expected. 

Optimization of sialylation reaction for scale-up 

To establish conditions for scaleup of sialylation, sCRl 
(5 mg/ml) was incubated with varying amounts of 
ST3Gal-Ill (10, 25, 75, 100, 200, 300 and 400 U/ml) and 
5 mM CMP-sialic acid plus a trace amount of radiolabeled 
CMP-sialic acid for 24 h at 32°C At an ST3Gal-III con- 
centration of 150 mU/ml, incorporation of radiolabeled 
sialic acid reached 91% of maximum after 24 h and 100% 
at 48 h. The lowest concentration of enzyme required to give 
nearly maximum incorporation (~40 mol sialic acid/mol 
protein) under these conditions was 25 mU/ml ST3Gal-III 
(Figure 4). It should be noted that the contribution of 
triantennary and tetraantennary species may be responsible 
for the observation that more than 30 moles of sialic acid 
was added per mole of sCRl. Increasing the CMP-sialic 
acid concentration from 5 mM to 10 mM did not affect the 
level of sialylation of sCRl at any of the ST3Gal-III con- 
centrations tested (data not shown). HPLC and matrix- 
assisted laser desorption ionization time-of-flight mass 
spectrometry (MALDI-TOF MS) analysis of glycans 



550- 




ST3Gal-lll (mU/ml) 



Fig. 4. Incorporation of sialic acid into sCRl at increasing 
concentrations of ST3Gal-III in a 24-h reaction. The moles of sialic acid 
added are estimated from incorporation of radiolabeled CMP-sialic 
acid. Incorporated radiolabel is separated from free by gel filtration on a 
TSKG2000 SW xl column. 



released from sCRl-S revealed that at all concentrations 
of enzyme tested, the product contained predominantly 
disialylated, biantennary, core fucosylated N-glycans (data 
not shown). A concentration of 200 mU ST3Gal-IIl/ml was 
chosen for scale-up to ensure completeness of reaction. 

Optimization of fucosylation 

To establish conditions for scale-up of fucosylation, 
sCR l-S (5 mg/ml) was incubated with varying amounts of 
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Table 11. HPLC data summary of large scale remodeling 



200 300 
FT-VI (mU/ml) 



500 



Fig. 5. Incorporation of fucose into sCRl-S at increasing concentrations 
of FT-VI in a 24-h reaction. The moles of fucose added arc estimated 
from incorporation of radiolabeled GDP-fucosc. Incorporated 
radiolabel is separated from free by gel filtration on a TSKG2000sw\'L 
column. 



FT-VI (10, 20, 40, 60, 100, 220, 440 mU/ral) and 5 mM 
GDP-fucose plus a trace of radiolabeled GDP-fucose for 
24 h at 32°C. The lowest concentration of enzyme required 
to give nearly maximum incorporation of fucose under 
these conditions was 100 mU/ml FT-VI (Figure 5). Increas- 
ing the GDP-fucose concentration from 5 mM to 10 mM 
did not increase fucose incorporation at several different 
FT-VI concentrations tested (data not shown). 

For products of reactions run at all concentrations of FT- 
VI > 100 mU/ml, the glycan structures identified by HPLC 
and M ALDI-TOF MS were almost the same and essentially 
indistinguishable from the structures described next for 
sCRl-S/F produced at the 10-g scale. 

Remodeling at JO-g scale 

Purified sCRl (10 g in a volume of 2 L) was incubated first 
with ST3Gal-III plus CMP-sialic acid at 32°C for 36 h and 
then, following addition of FT-VI plus GDP-fucose, incu- 
bated at 32°C for another 36-h period.. 

FACE analyses of glycans from sCRl, sCRl-S, and 
sCRl-S/F for reactions performed at the 10-g scale (data 
not shown) were essentially indistinguishable from FACE 
results obtained at the 250-mg scale (Figure 1), suggesting 
that occupancy of potential acceptor sites for ST3Gal-III 
and FT-VI on sCRl at the 10-g scale was nearly complete. 

HPLC profiles for 2-AA-derivatized glycans of sCRl, 
sCRl-S, and sCRl-S/F are shown in Figure 6 and the 
percentages of glycan species estimated from integrated 
peak areas are summarized in Table II. After in vitro sialy- 
lation with ST3GaI-III, neutral glycans, comprising 50% of 
carbohydrate chains in sCRl , are reduced to 2% of chains in 
sCRl-S, and monosialo-glycans likewise decrease to from 
35% in sCRl to 17.5% in sCRl-S (Figure 6 and Table II). 
Overall, about 90%j of N-glycans are biantennary and these 
chains contain an average of 1.8 sialic acid moieties per 
glycan. Among the minority of biantennary glycans on 
sCRl-S that are monosialylated, some lack galactose on 
one antenna, whereas others contain two galactosyl resi- 
dues, only one of which is sialylated. The remaining 10% of 



Glycan 
species 


Native protein 
(sCRl) (%) 


Sialylated 
protein (sCRl-S) 
(%) 


Sialylated and 
fucosylated protein 
(sCRl-S/F) (%) 


Neutral 


50.5 


2.0 


4.0 


1 charge 


35.0 


17.5 


25.5 


2 charges 


13.0 


70.5 


68.5 


3 charges 


1.5 


8.5 


1.5 


4 charges 


ND* 


1.5 


0.5 


*Nol detected. 
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Fig. 6. RP-HPLC analysis of 2-AA-oligosaccharidcs before and after 
enzymatic remodeling at the 10-g scale: (A) sCR-1; (B) sCRl-S; (C) 
sCRl-S/F. M ALDI-TOF MS analysis (data not shown) of 2-AA- 
oligosaccharidcs from sCRl-S (B) indicated that: peak a contains 
monosialylated biantennary glycans that lack terminal galactose on one 
antenna; peak b, constituting 12% of biantennary glycans, contains 
biantennary glycans with two galactose residues, but only one sialic acid; 
peaks c and d contain disialylatcd, biantennary glycans, with and 
without core fucose, respectively. 



glycans are fully sialylated triantennary (8.5%) or tetra- 
antennary (1.5%) structures. 

After fucosylation of sCRl-S to create sCRl-S/F, HPLC 
and MALDI-TOF MS analyses (Table III and Figure 7) 



886 



in vitro remodeling of complement inhibitor glycans 



Table III. sCRl-S/F glycans 



Neutral glycans 



Neutral glycans Monosialo glycans Disialo glycans 



structure 


% 


1 


0.64 


f 

A 


0.16 


1 


0.44 


1 


0.43 




0.18 


i 


0.95 




0.28 




0.35 


i 


0.58 



structure 


% 


I 

A 


0.16 


-A 


0.13 




0.38 




1.51 


A 


0.82 



structure 


% 




0.70 


} 


3.47 




1.06 


\ 


1.15 




7.07 




2.93 




6.12 



structure 


% 




17.26 


l 

IT 


51.24 


Trisialo glycans 


structure 


% 




0.75 




0.75 



Blue squares represent N-acctylglucosaminc, yellow circles represent mannosc, green triangles represent fucosc, red diamonds represent galactose, and 
asterisks represent sialic acid. 



showed that more than 95% of the glycans were fucosylated 
by FT- VI. About 62% of the total N-glycans gained two 
fucose residues, and ~30% gained a single fucose residue. 
Failure to accept two fucosyl residues was in part due to 
missing galactosyl residues on one or more antennae. From 
these results it can be estimated that the sCRl-S/F mole- 
cules created by consecutive in vitro sialylation and fuco- 
sylation reactions contain, on average, 28 sLe x epitopes per 
protein molecule, whereas sCRl-sLe x , glycosylated and 
secreted by the FT-V1 -expressing LECll CHO cell, con- 
tains ~14 sLe x epitopes per protein molecule (Table I). 

To check the stability of sCRl under conditions of incu- 
bation with glycosyltransferases, a small amount of protein 
was analyzed by sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE) after each remodeling 
reaction. There was no evidence of degradation of the 



polypeptide after incubation with either ST3Gal-III or 
FT-VI (data not shown). 

Pharmacokinetics 

When sCRl-S prepared at the 250-mg scale was injected 
intravenously into rats, the observed area under the curve 
(AUQ ast ) was twofold greater than the AUQ ast for sCRl 
(p < 0.004), indicating a significantly greater exposure of 
the more completely sialylated form of the complement 
inhibitor to intravascular cells following dosing (Figure 8). 

In vitro antihemolytic activity 

The IH 50 values for sCRl, sCRl-S, sCRl-sLe x , and sCRl- 
S/F as inhibitors of human complement-mediated lysis of 
sheep red blood cells were found to be similar (Figure 9 and 
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Fig. 7. MALDI-TOF analysis of total glycans from (A) sCRl, (B) sCRl-S, and (C) sCRl-S/F remodeled at the 10-g scale. The blue square is GlcNAc, 
the yellow filled circle is mannosc, the green filled triangle is fucosc, the red filled diamond is galactose, and the asterisk is sialic acid. 



Table IV), indicating that in vitro glycosylation of sCRl to 
yield sCRl-S or sCRl-S/F does not significantly impact the 
complement inhibitory properties of the molecule in the 
classical pathway. 



In vitro binding to E-selectin 

Figure 10 shows that sCRl-sLe x and sCRl-S/F bind 
E-selectin in a concentration-dependent manner. The IC 50 
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Fig. 8. The concentration of sCRl and sCRl-S in plasma at various 
time points following bolus IV injection in rats. 
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Fig. 10. Inhibition of PAA-$Lc x binding to E-selectin coated microtitcr 
plates in the presence of varying concentrations of sCRl-sLe x or 
sCRl-S/F. 
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Fig. 9. Inhibition of red cell lysis via the classical pathway as a function 
of the concentration of sCR I , sCR l -S. sCR 1 -sLe\ and sCR 1 -S/F. 



Table TV. Antihemolytic activity of modified sCRl and sCRl-sLc x 



IH 50 (nM) 


sCRl 


0.41 


sCRl-S 


0.48 nM 


sCRl-sLc x 


0.59 


sCRl-S/F 


0.59 nM 



for sCRl-sLe x from this plot is ~5 nM, and for sCRl-S/F 
~0.4 nM. The observed 10-fold increase in inhibitory 
potency presumably is due to enhanced avidity, attributable 
to the increased density of sLe x moieties on sCRl-S/F (28/ 
mol) as compared with sCR 1 -sLe x (14 per mol) (see Table I). 
The specificity of this binding was demonstrated by its 
calcium requirement and by the observation that sCRl 



(which does not contain any sLe x structures) does not 
inhibit E-selectin binding at concentrations as high as 
10 uM (data not shown). 



Discussion 

sCRl, made by standard CHO production methods, pos- 
sesses predominantly biantennary oligosaccharides that are 
incompletely sialylated. We previously described an alter- 
nately glycosylated form of sCRl called TP20 or sCRl-sLe x 
(Picard et al, 2000; Rittershaus et aL, 1999), secreted by the 
FT-VI-expressing LECH CHO cell line and bearing sLe x 
moieties on a fraction of its N-linked oligosaccharides. In 
this article we describe in vitro enzymatic remodeling of 
sCRl by the stepwise application of two soluble recom- 
binant glycosyltransferases in "one pot": The first step 
adds sialic acid to make sCR 1-S, and the second adds fucose 
to make sCRl-S/F. The product of these glycan remodeling 
reactions contains an average of 28 sLe x moieties per mol, 
as compared with 14 per mol found in CHO cell-produced 
sCRl-sLe x . 

That the sCRl protein remains intact under conditions 
of glycan remodeling was demonstrated by RP-HPLC and 
SDS-PAGE analyses showing single polypeptides with 
expected molecular weights for sCRl-S and sCRl-S/F. Evi- 
dence for (1) conformational stability under conditions of 
the in vitro glycosylation reactions, and (2) preserved func- 
tion despite variations in glycan structure, is provided by 
the observed near equivalence in bioactivity of sCRl, sCRl- 
S, sCRl-S/F, and CHO-produced sCRl-sLe x in a standard 
complement inhibition assay. 

The oligosaccharide structures associated with sCRl-S 
and sCRl-S/F were assessed by a number of methods. 
FACE profiling demonstrated a more fully sialylated set 
of glycoforms for sCRl-S as compared with sCRl and 
nearly homogeneous, fully sialylated and fucosylated bian- 
tennary N-glycans for sCRl-S/F. Sequencing experiments 
using FACE provided supporting evidence that sialic acid 
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was linked a2-3 to galactose and that the predominant, 
single oligosaccharide band derived from sCRl-S/F was 
BiNA 2 F 2 . The analyses we performed do not establish lin- 
kages between the terminal and penultimate sugars that 
define sLe x (Neu Aca2-3Gal(3 1 -4[Fuca 1 -3]GlcN Ac|J 1 -) 
versus sLe a (NeuAca2-3Galp 1 -3[Fuca I -4]GlcN Acpl -). 
However, two factors make it likely that the glycans of 
sCRl-S/F do, in fact, terminate in sLe x . First, it is known 
that in CHO cells, N-linked glycans are most commonly 
formed by P4GalT-l, and hence have the type-2 structure, 
Gaipi-4GlcNAcpl- (Lee et al, 2001). Second, the acceptor 
specificity of FT- VI is known to be restricted to type 2 
chains (Costache et al. 9 1997; Weston et al., 1992). 

During optimization of the sialylation reaction, we noted 
that incubation of sCRl with either a low concentration of 
ST3Gal-III (10 mU/ml) for 24 h or a higher concentra- 
tion (75 mU/ml) for 1 h produced a nearly maximally 
sialylated product. Even after incubation at the highest 
concentration of sialyltransferase tested (600 mU/ml for 
24 h), a small fraction of monosialylated biantennary 
species persisted, perhaps due to steric hindrance at parti- 
cular sites. Improved pharmacokinetics observed for the 
fully sialylated sCRl-S molecule as compared with sCRl 
is probably a consequence of the added sialic acid blocking 
the interaction of terminal galactosyl residues with hepatic 
asialoglycoprotein receptors (Stockert, 1995). 

We observed that FT-VI at 25 mU/ml fucosylates most 
sialylated biantennary glycans within 24 h. No significant 
differences were observed in catalytic activities of FT-VI 
expressed in the NSO cell line versus Aspergillus niger 
expression systems. The sCRl polypeptide was shown to be 
stable following prolonged incubation with enzyme from 
either source. 

In vitro glycosylation of sCRl at the 10-g scale was carried 
out at enzyme concentrations selected to ensure nearly 
complete reaction at each stage. Success with the single 
experiment reported is consistent with the ability to predict 
useful scaled-up reaction conditions over a range of at least 
40-fold based on mass of starting substrate. Both the 
ST3Gal-III and FT-VI enzymes used to glycosylate 10 g 
sCRl were produced in A. niger, an expression system 
widely used for the manufacture of industrial enzymes in 
ton quantities. Although further scale-up would require 
refinement of incubation conditions, it can be estimated 
from present results that glycosylation of 1 kg of sCRl 
might require 40,000 U ST3Gal-IIl and 20,000 U FT-VI, 
amounts that seem plausible to produce at reasonable cost 
in an industrial setting. To our knowledge, this is the largest 
scale reported enzymatic glycosylation of a glycoprotein to 
date by several orders of magnitude (Fischer and Dorner, 
1998; Nemansky^a/., 1995; Paulson etal., 1977; Rajuefa/., 
2001; Thotakura et al, 1994). 

The optimized conditions chosen for scale-up were very 
similar to the conditions used to generate material used for 
in vivo and in vitro studies. Compared with sCRl-sLe\ sCRl- 
S/F was shown to have twice the number of sLe x moieties 
and about a 10-fold higher apparent affinity for binding to 
E-selectin. This higher affinity presumably results from 
increased cooperativity in a multivalent binding reaction 
wherein sLe* moieties distributed widely over sCRl-S/F 
engage multiple immobilized E-selectin molecules. In certain 



clinical situations, the anticomplement inhibitory and anti- 
inflammatory activity of sCRl-S/F could be effectively tar- 
geted via a similar mechanism to sites of inflammation where 
endothelial cells have been activated and have up-regulated 
expression of adhesion molecules including P- and E-selectin. 
sCRl-sLe x has been shown to be superior to sCRl in a 
complement- and selectin-dependent lung injury model 
(Mulligan et al, 1999), a murine model of ischemic stroke 
(Huang et al, 1999), moderating skeletal muscle reperfusion 
injury (Kyriakides et al., 2001a), moderation of acid aspira- 
tion injury (Kyriakides et al., 2001b), reducing ischemia/ 
reperfusion injury in rat lung grafts (Schmid et al, 2001), 
and a myocardial ischemia and reperfusion model in the rat. 
sCRl-sLe* significantly reduced myocardial infarct size and 
was significantly more effective than sCRl in reducing neutro- 
phil infiltration into the infarction (Zacharowski etal, 1999). 
It will be interesting to investigate whether sCRl-S/F is even 
more effective than sCRl-sLe x in similar animal models. 



Materials and methods 

Complement proteins, antibodies, enzymes, and other 
reagents 

Purified sCRl and sCRl-sLe x were prepared as previously 
described (Rittershaus et al., 1999). Nucleotide sugars 
(CMP-sialic acid and GDP-fucose) were manufactured at 
Neose (Horsham, PA). CMP-sialic acid was prepared from 
CTP and sialic acid with recombinant CMP NeuAc synthe- 
tase (Shames et al., 1991). GDP-fucose was either made 
from GDP-mannose using GDP-mannose 4,6-dehydratase 
and GDP-4-keto-6-deoxymannose 3,5-epimerase/reduc- 
tase, or purchased from Yamasa (Chiba, Japan). A gene 
encoding for a truncated, soluble form of ST3Gal-III (rat) 
was expressed in A. niger var. awamori dgr246 P2 using a 
variant of the expression vector pSL 1180 (Ward and 
Power, 2003). A 30-60% ammonium sulfate pellet was dis- 
solved in 100 mM NaCl, 20 mM 2-(7V-morpholino)ethane- 
sulfonic acid (MES), pH 6, loaded on SP Sepharose 
(Amersham Biosciences, Piscataway, NJ), and eluted with 
1 M NaCl 20 mM MES, pH 6. rFT-VI (human) was 
expressed either in NSO cells or in A. niger as described as 
a soluble protein lacking the transmembrane domain. For 
the A. niger expressed protein, a 30-60% ammonium sulfate 
pellet was dissolved in 20 mM MES, pH 6, loaded on SP 
Sepharose (Amersham Biosciences, Piscataway, NJ), and 
eluted with a linear gradient from 0 to 1 M NaCl in 
20 mM MES, pH 6. Soluble recombinant E-selectin 
was purchased from R&D Systems (Minneapolis, MN). 
Streptavidin-horseradish peroxidase conjugate (SA-HRP) 
was from Pierce (Rockford, 1L), and biotinylated poly- 
acrylamide polymer (PAA-sLe x ) was from GlycoTech 
(Rockville, MD). Anti-sCRl monoclonal antibodies 
6B1.H12 and 4D6.1 were prepared as previous described 
(Nickells et al, 1998). Standards and glycosidases used in 
FACE analyses were from Glyko (Novato, California). 

Preparation of sCRl-S 

Lyophilized sCRl (250 mg) was reconstituted and buffer 
exchanged into 50 mM Tris, 0.15 M NaCl, 0.05% NaN 3 , 
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pH 7.2, using gel nitration columns (PD-10, Amersham 
Biosciences), and the concentration of sCRl was adjusted 
to 5 mg/ml with the same buffer. Following addition of 
ST3Gal-IIl (150 mU/ml) and CMP-sialic acid (7 mM) the 
mixture was incubated at 32°C. A separate aliquot of the 
reaction mixture to which a trace amount of CMP-[ 14 C]sialic 
acid was added was incubated in parallel. From this, aliquot 
samples were withdrawn at various times and fractionated 
by isocratic HPLC/size-exclusion chromatography at 0.5 ml/ 
min in 45% MeOH, 0.1% trifluoracetic acid (7.8 mm x 30 cm 
TSKG2000swxl column, particle size 5 um, TosoHaas). 
Incorporation of sialic acid into glycoprotein was calculated 
from the fraction of counts in the first eluted peak and the 
known concentration of sugar nucleotide. 

Preparation ofsCRl-SIF 

After the sialylation reaction had proceeded for 48 h, GDP- 
fucose was added to a final concentration of 7 mM, MnCl 2 
to 5 mM, and rFT-VI to 0.1 U/ml. A trace amount of GDP- 
[ 14 C]fucose was added to a separate aliquot, and both reac- 
tion mixtures were incubated at 32°C. Chromatography of 
the radiolabeled mixture as described showed the transfer of 
-44 moles/mole sCR l-S after 48 h and 47 moles after 48 h. 
The product was provisionally designated sCRl-S/F. 

Removal of nucleotide sugars and residual 
glycosy I transferases using ceramic hydroxy apatite 
and Q Sepharose chromatography 

Glycosyltransferases and nucleotide sugars were removed 
from remodeled sCRl-S and sCRl-S/F by chromatography 
on ceramic hydroxyapatite (type I; BioRad, Hercules, CA) 
followed by Q Sepharose (Amersham Biosciences). Purity 
was assessed by RP-HPLC on a Poros Rl/10 column (4.6 
mmD/lOO mmL, Applied Biosystems, Framingham, MA). 

Optimization of sialylation and fucosylation reactions 
prior to scale-up 

sCRl was thawed slowly at 4°C and buffer exchanged into 
50 mM Tris-HCl, pH 7.5, 150 mM NaCl, using a PD10 
column. In vitro sialylation of sCRl (5 mg/ml) was evalu- 
ated using varying amounts of ST3Gal-III, 5 mM CMP- 
sialic acid, in the presence of 0.02% sodium azide at 32°C 
for 24 h. A trace amount of CMP— [ 14 C]sialic acid was 
added to an aliquot to monitor incorporation of radioactive 
sialic acid as described. 

To the product (sCRl-S) of the reaction performed at 
a sialyltransferase concentration of 100 mU/ml (still 
containing the sialylation reagents) was added MnCb and 
GDP-fucose, each to a final concentration of 5 mM, varing 
amounts of FT-VI, and a trace amount of GDP-[ 3 H]fucose. 
The resulting reaction mixture was incubated at 32°C for 
24 h. Incorporation of radioactive fucose into the product 
(sCRi-S/F) was monitored as described for sialic acid. 

sCRl remodeling at 10-g scale 

Purified sCRl (10 g) was dialyzed exhaustively at 4°C 
against 50 mM Tris-HCl, 0.15 M NaCl, pH 7.5, adjusted' 
to a concentration of 5 mg/ml with the same buffer, and 
incubated with ST3Gal-III (200 mU/ml) and CMP-sialic 



acid (5 mM) for 36 h at 32°C in a final volume of 2 L. 
After 36 h, an aliquot containing the sialylated product 
(sCRl-S) was withdrawn for analysis and the following 
reagents (final concentrations) were added: rFT-VI 
(100 mU/ml), GDP-fucose (5 mM), MnCl 2) (5 mM). After 
further incubation at 32°C for 36 h, a precipitate (manga- 
nese phosphate) was removed by centrifugation at 3000 x g 
for 5 min, and the sialylated and fucosylated product 
(sCRl-S/F) was stored at -70°C. 

Monosaccharide analysis by HPLC 

The neutral and amino sugar composition of glycoproteins 
was detenu ined after trifluoroacetic acid hydrolysis and reduc- 
tive amination with anthranilic acid by CI 8 reverse-phase 
HPLC with fluorescence detection (Anumula, 1994). Sialic 
acid content was determined after sodium bisulfate hydrolysis 
and reaction with o-phenylenediamine by CI 8 reverse-phase 
HPLC with fluorescence detection (Anumula, 1995). 

Carbohydrate analysis by FACE 

Carbohydrate sequencing and electrophoresis by FACE 
(Glyko and ProZyme, San Leandro, CA) was performed 
as previously described elsewhere (Picard et al, 2000). 

Carbohydrate analysis by 2- A A HPLC and 
MALDI-TOF MS 

Glycans were released by PNGaseF and labeled with 2-AA 
according to the method described by Anumula and Dhume 
(1998) except that the labeled glycans were purified on 
cellulose cartridges (Glyko) according to the manufac- 
turer's instructions. 2-AA-labeled N-glycans were analyzed 
using a Shodex Asahipak NH 2 P-50 4D amino column 
(4.6 mm x 150 mm). The two solvents used for the separa- 
tion were (A) 2% acetic acid and 1% tetrahydrofuran in 
acetonitrile and (B) 5% acetic acid, 3% triethylamine, and 
1% tetrahydrofuran in water. The column was eluted 
isocratically with 70% A for 2.5 min, followed by a linear 
gradient from 70% to 5% A over a period of 97.5 min, and a 
final isocratic elution with 5% A for 15 min. Eluted peaks 
were detected using fluorescence detection with an excita- 
tion wavelength of 230 nm and an emission wavelength of 
420 nm. 

For MALDI-TOF analysis, a small aliquot of the 2-AA- 
labeled N-glycans was dialyzed for 45 min on an MF-Milli- 
pore membrane filter (0.025 |im pore, 47 mm diameter) 
floating on water. The dialyzed aliquot was dried in a 
vacuum centrifuge, redissolved in a small amount of 
water, and mixed with a solution of 2,5-dihydroxybenzoic 
acid (10 g/L) dissolved in watenacetonitrile (50:50). The 
mixture was dried onto the target and analyzed using an 
Applied Biosystems DE-Pro MALDI-TOF mass spectro- 
meter operated in the linear/negative-ion mode. Glycan 
structures were assigned based on the observed mass-to- 
charge ratio and literature precedence. No attempt was 
made to fully characterize isobaric structures. 

SDS-PAGE 

sCRl samples before and after in vitro enzymatic remodel- 
ing were separated on 8-16% gradient Tris-glycine 
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polyacrylamide gels and stained with colloidal blue Coo- 
massie stain. Gels, staining solutions, and molecular weight 
standards were obtained from Invitrogen (Carlsbad, CA). 

Assays of complement regulatory activity 

The inhibition of complement-mediated lysis of antibody- 
sensitized sheep erythrocytes (classical pathway) was 
assessed as previously described (Scesney et al,, 1996). 

E-selectin binding assay 

E-selectin binding assays were performed according to pre- 
viously reported methods (Weitz-Schmidt et al., 1996). Flat- 
bottom 96-well microtiter plates were coated with 5 ug/ml 
recombinant human E-selectin (R&D Systems) in 150 mM 
NaCl, 1 mM CaCl 2 , 20 mM HEPES, pH 7.4 (HEPES- 
buffered saline, HBS). Coated wells were blocked with 2% 
bovine serum albumin/H BS. Varying concentrations of sCR 1 
or sCR 1 -sLe x were added to the plate. A complex of a bioti- 
nylated polyacrylamide polymer containing sLe x (PAA-sLe x , 
GlycoTech) and SA-HRP was prepared. A dilution of this 
conjugate complex was added to the wells containing sCR I 
or sCRl-sLe x or buffer and incubated for 90 min at room 
temperature. The wells were washed with HBS/CaCl 2 and 
3,3' ; 5,5'-tetramethylbenzidine substrate (iCPL) was added to 
each well. Color was allowed to develop for 15 min, and the 
reaction was stopped with 2.0 N H 2 S0 4 . Bound PAA-sLe x 
complex was measured by determining the absorbance 
at 450 nm with a microplate reader (Molecular Devices, 
Sunnyvale, CA). 

Pharmacokinetic analysis in rats 

Male Sprague-Dawley rats (~250 g), with in-dwelling 
jugular vein cannulas were purchased from Taconic 
(Germantown, NY) or Harlan Sprague Dawley 
(Indianapolis, IN). The catheters were periodically flushed 
with 0.9% saline followed by either heparinized glycerol 
(1:4 glycerol/333 1U heparin/ml) or heparinized saline 
(333 IU/ml) to ensure patency. 

Animals were injected with sCRl or sCRl-S (10 mg/kg) 
via the lateral tail vein as a bolus at time 0. Blood samples 
were obtained at timed intervals from the jugular vein can- 
nula. The levels of sCRl and sCRI-S present in the plasma 
samples were measured by a previously described enzyme- 
linked immunosorbent assay (Rittershaus et aL, 1999). 
Briefly, microtiter plates were coated with anti-sCRl mono- 
clonal antibody 6B 1 .H 1 2 and captured sCR 1 from a sample 
was detected with an HRP-conjugated anti-sCRl mono- 
clonal antibody 4D6. 1 . Pharmacokinetic data was analyzed 
using WinNonlin (Pharsight, Mountain View, CA). 
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Exhibit 2C 



A. 



N-linked glycan structures 



NeuAc 

Gal Gal 

| BI,4 | BI,4 

GlcNAc GlcNAc 



NeuAc 



Man^ Man 
Man 



Gal 
GlcNAc 



Gal 

| Bl,4 

GlcNAc 



Man^ Man 
Man 



GlcNAc 



a- 1,6 

GlcNAc Fuc 



GlcNAc 

I 

GlcNAc Fuc 



or 



B. 



NeuAc 



NeuAc 



Gal 

| Bl t 4 
GlcNAc 



Gal 

| Bl,4 

GlcNAc 



Man^ Man 
Man 



GlcNAc 

GlcNAc Fuc 



c. 



NeuAc 

I a-2,3 



Gal 

I Bl,4 
fl-1,3 I 
Fuc GlcNAc 



NeuAc 

| a-2,3 

Gal 

| Bl,4 
GlcNAc 



Man^ Man 
Man 



GlcNAc 



a- 1,6 
GlcNAc Fuc 



NeuAc 

| a-2,3 

Gal 

| BIA 

GlcNAc 



Man^ Man 
Man 



NeuAc 

a-2,3 

Gal 

BIA 
a-1,3 

GlcNAc Fuc 



GlcNAc 

GlcNAc Fuc 



or 



D. 



NeuAc NeuAc 

|a-2,3 I a-2,3 



Gal Gal 

I BIA I Bl,4 

fl-1,3 I I a-1,3 

Fuc GlcNAc GlcNAc Fuc 



Man^ ^Man 
Man 

i 

GlcNAc 



a- 1,6 

GlcNAc Fuc 



A. Monosialylated, biantennary core-fucosylated glycan 

B. Disialylated, biantennary core-fiicosylated glycan 

C. Monofiicosylated, disialylated, biantennary core-fucosylated glycan 

D. Difucosylated, disialylated, biantennary core-fucosylated glycan 



Exhibit 2D 



Fucosylation Conditions 



14:1 Donor : Acceptor 7:1 Donor : Acceptor 
Example 1, '806 Application Thomas 

2.5 mg/mL sCRl-S 5mg/mLsCRl-S 

5 raM GDP-fucose 5 mM GDP-fucose 

0.05 U/mL FT-VI 0. 1 U/mL FT- VI 

32 °C for 2 days 32 °C for 36 hours 



